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Introduction
Fertilization has been widely used as a common agricultural practice to maintain soil fertility and increase crop production (Robertson and Vitousek, 2009; Shen et al., 2010) . Microbial community composition is sensitive to nitrogen (N), phosphorus (P), and potassium (K) fertilization (Allison and Martiny, 2008) , especially in the long-term fertilizer experiments . N fertilizer is the limiting nutrient for primary production in many countries. N input to unmanaged agricultural ecosystem often resulted in microorganism composition and diversity change, which finally impacted microbial and fungi communities (Cleland and Harpole, 2010; Clark et al., 2007) . Many researches found that inorganic fertilizer applications change the soil physical and chemical characteristics, such as pH (Tripathi et al., 2012) , electrolytic conductivity (EC) (Rezapouret al., 2013) and organic materials concentration (Chávez-Romero et al., 2016; Sul et al., 2013) . Furthermore, previous studies have shown that the application of N fertilizer suppressed microbial activity in soil (Lu et al., 2011; Liu and Greaver, 2010) . China began to large-scale application of mineral fertilizer since 1980s, to better understand how Phosphorus plus Potassium (PK) and nitrogen addition (NPK) impact the soil environment in black soil, we have set up a series of long-term fertilizer experiments in order to explore the effect of mineral fertilizer on soil environment and soil quality since 1984.
Previous studies were mainly focused on the impact of long-term fertilization on crop production and microbial communities. However, little information is obtainable about http the fungi construction and the relationship between fungi community and soil environment under long-term fertilization. In this study, we collected soil samples of three kinds of fertilization management from a 32-year fertilization experiment which included no fertilization (CK), phosphorus and potassium fertilization (PK) and nitrogen, phosphorus and potassium fertilization (NPK) to investigate the effect of different fertilization management on soil fungi communities. The objective of this study was therefore to know the fungi communities abundance and structure of different fertilization management and their relationship with soil environment by pyrosequencing analysis.
Materials and methods

Sampling site
Soil samples were collected from long-term fertilizer experiment station in Jilin Agricultural University, Changchun city, Jilin Province, Northeast China (43°26'N, 125°45'E). The station was established in 1984 with continuous maize cropping system in a Mollisol. The region was characterized by a temperate continental monsoon climate, with an average annual precipitation of 570 mm and an average temperature of 4.8 °C. Three fertilization treatments with three replicates for each treatment were selected for the present study, i.e., CK (no fertilizer), PK (phosphorus and potassium fertilization at a rate of 75 kg P/ha and 75 kg K/ha), and NPK (nitrogen, phosphorus and potassium fertilization at a rate of 150 kg N/ha, 75 kg P/ha and 75 kg K/ha). In September 2015, four soil cores from each plot were collected from the top 30 cm soil layer with auger (10 cm diameter) and then mixed into a composite sample. The soil samples were sieved through a 2 mm sieve, and preserved at -80 °C for DNA extraction.
Soil characteristics
pH was determined using a glass combination electrode with soil: water of 1:1. Soil organic matter and total N were determined by the ultraviolet spectrophotometric method, the total phosphorus (TP) were determined using the acidic molybdate-ascorbic acid spectrophotometric method. The initial physical and chemical characteristics of soil in 1983 were shown in Table 1 . Catalase and sucrase activity was determined according to Claiborne (1985) and Tabatabai (1977) . Phosphatases were analyzed by soil zymography according to Spohn et al. (2013) . 
ITS gene amplification and sequencing
To amplify the fungal specific fragments for Miseq, primers ITS1F (5'-CTTGGTCATTTAGAGGAAGTAA-3') and ITS2R (5'-TCCTCCGCTTATTGATATGC-3') which target for fungal ITS genes were selected. Both forward and reverse primers were tagged with adapter, pad and linker sequences. Each barcode sequence (12 mer) was added to the reverse primer for pooling multiple samples in one run of Miseq sequencing. The PCR conditions were 94 °C for 2 min, 32 cycles of 94 °C for 1 min, 59 °C for 45 s and 72 °C for 1 min of extension, followed by 72 °C for 7 min. PCR products were purified and combined in equimolar rations with the quantitative DNA binding method in order to create a DNA pool that was further used for sequencing from the adaptor. The ITS genes were sequenced using the Illumina Miseq platform. The resultant high-quality sequences were then clustered into operational taxonomic units (OTUs) at 97% similarity using UPARSE (Edgar, 2013) . The RDP fungal ITS database was used as a reference for classification.
Phylogenetic analysis
After sequencing, the raw fastq files were demultiplexed and quality-filtered using QIIME (version 1.17). As the number of spurious phylotypes increases with sequencing effort, equal number of sequence reads should be used to compare microbial community among samples to minimize the sequencing artifact (Schloss et al., 2011). In this work, about 74503 reads from every sample were randomly picked and grouped into operational units (OTUs) with 97% similarity cutoff using UPARSE (version 7.1 http://drive5.com/uparse/). Chimeric sequences were identified and removed using UCHIME. Community diversity index (Chao, Simpson, Coverage, Shannon diversity index) and rarefaction curves were generated using the MOTHUR program. The taxonomic assignment of OTUs was performed by RDP Classifier (http://rdp.cme.msu.edu/) against the Warcup fungal ITS database.
Statistical analysis
Canonical correspondence analyses (CCA) were carried out by Canoco 4.5 to compare the effects of soil characteristics on fungi community structure. Statistical significant analyses were performed by SPSS (p < 0.05).
Results and discussion
Soil characteristics
After 32 years with different fertilizer application, the physical and chemical properties of soil significantly changed ( Table 2) . Comparing with the initial soil, the pH value in the CK treatment only slightly decreased, which was probably attributed to the continuous crop system with no nutrient input. Among the three fertilizer treatments, the pH value in the NPK treatment was the lowest, indicating that soil acidification occurred. N additions have resulted in a significant decrease in soil pH Zhou et al., 2016) . Stamatiadis (1999) reported that an intensive soil nitrification process resulted in soil acidification which is the main predictor of bacterial diversity in soils (Zhalnina et al., 2015) , when amounts of ammonium fertilizer input, especially as N fertilizer was applied. -1 , which resulted from long-term chemical fertilization or no nutrient management without organic materials input. Soil organic carbon also exhibited the same trend. Achiba et al. (2010) showed that manure application could increase soil organic carbon content. Tian (2015) reported the crop straw residue could improve microbial population and increased soil organic carbon content. Comparing with the initial soil, the contents of available N and K reduced slightly, while the content of available P increased remarkably. This indicated that the application of nitrogen and potassium fertilizer was little deficiency and the application of phosphorus fertilizer was in excessive. 
Microbial community diversity
Illumina Miseq sequencing analysis was performed to investigate the microbial community structure in the three fertilizer treatments. There were 98793, 74503 and 120939 effective sequence tags were observed in the CK, PK and NPK treatment, respectively, with an average red length of 320 bp. A total of 74503 reads from each sample were picked randomly for further analysis. The OTUs, richness, diversity, and rerefaction curves of microbial communities were shown in Table 1 . A total of 670, 618 and 664 OTUs were obtained in CK, PK and NPK treatments, respectively, with clustering at a 97% similarity level. There are significant differences in the OTUs and Shannon index for different fertilization. PK treatment has less OTUs than the other treatments. The higher the Shannon index, the more the microbial community diversity. Among the three treatments, the Shannon index in the NPK treatment was lower than that in the CK and PK treatments, suggesting that N addition has significant effect on fungus diversity. Geisseler (2014) reported that increasing N inputs could suppress soil microbial activity according to the meta-analysis of predominantly unmanaged ecosystems (Paungfoo-Lonhienne et al., 2015; Lu et al., 2011; Liu and Greaver, 2010; Theseder, 2008) . As one of the most important microbial parameters in soils (Zhang and Cai, 2007; Tian et al., 2015) , microbial diversity was affected remarkably by fertilization (Zhang et al., 2012; Esperschuetz et al., 2007) .
ITS pyrosequencing method can reveal the differences of soil fungi communities under long-term fertilization. The mean effective reads obtained from the CK, PK and NPK treatments were 98 793, 74 503 and 120 939, respectively. The coverage showed that the three fertilization samples were greater than 0.99, indicating that the sequencing capability was large enough to capture the complete diversity of each sample. Three fertilization treatments had no significant effect on fungi richness, however, balanced fertilization management (NPK) treatment had significantly influenced on fungi diversity according to Shannon indices; and PK treatment remarkably reduced the OTUs number. Fungi diversity is one of the most important fungi parameters in soil (Zhong and Cai, 2007 
Changes of microbial composition at different levels
The classifiable sequences in the CK treatment were affiliated with 5 phyla, 19 classes and 125 genera; the classifiable sequence in the PK treatment were affiliated with 6 phyla, 19 classes and 118 genera; and the classifiable sequences in the NPK treatment were affiliated with 5 phyla, 19 classes and 123 genera. The phylogenetic classification of sequences at phylum, class and genus levels from the three treatments was summarized in Figure 1 . Ascomycota was the first dominant phyla in all the three treatments, representing 89.13%, 86.72% and 87.70%, respectively. And other main dominant phyla included Basidiomycota, Chytridiomycota, Glomeromycota, and Zygomycota. The rate of Basidiomycota Phylum in the PK and NPK treatments was higher compared with that in the CK treatment, which was favorable to the cultivation of crops and afforestation. Furthermore, the rate of Zygomycota and Chytridiomycota Phylum in the NPK treatment increased two times and five times than that in the others fertilizer treatments.
At class level by the phylogenetic classification, Dothideomycetes and Sordariomycetes are the main compositions in the three fertilizer treatments, followed by Eurotiomycetes, Leotiomycetes and Agaricomycetes. Thus, the long-term application of mineral fertilizers has no significant impacts on fungi community composition, which was consistent with findings from previous studies (Esperschuetz et al., 2007; Ogilvie et al., 2008; Boerjesson et al., 2012) . Dothideomycetes Class as the second most abundant Class is very important for ecosystem environment and global carbon cycle by speeding up cell wall decay (Freedman et al., 2015) , the results in our research showed that long-term only P plus K addition would reduce the composition rate in soil. The application of NPK fertilizer significantly increased Alternaria and Pseudogymnoascus at genus level, compared with the CK and PK treatments. Many pesudogymnoascus species are cellulolytic, function as saprothrophs and are either psychrophilic or psychrotolerant. Alternaria is a genus of ascomycete fungi. Alternaria species are known as major plant pathogens. They are also common allergens in humans, growing indoors and causing hay fever or hypersensitivity reactions that sometimes lead to asthma. At least 20% of agricultural spoilage is caused by Alternaria species; most severe losses may reach up to 80% of yield (Nowicki, et al., 2012). The above results indicated that N fertilizer application could improve the resistance, but also bring about the risk of plant diseases. However, the rate of Fusarium at genus level in the NPK treatment reduced less 70% than that of the others treatments. Some species in Fusarium genus produce mycotoxins in cereal crops that can affect human and animal health if they enter the food chain. The rate of genus of Penicillium in Eurotiomycetes Class in the NPK treatment obviously increased; on the contrary, the rate of genus of and Ceratobasidium in Agaricomycetes class decreased significantly, comparing with the CK and PK treatments. Penicillium bacteria can decompose many agricultural products, and Gratobasidium cornigerum (Bourd.) Rogers in Ceratobasidium could result in crop banded sclerotial blight. Therefore, suitable N addition could improve soil ability of degraded cellulose, as well as reduce the chance of plant banded sclerotial blight.
Relationships between fungi community and environmental variables
According to CCA analysis, catalase had large variance inflation factor (VIF), which implied that its variables are redundant with other variables in the environmental factors 
Conclusion
The results presented in this paper unequivocally demonstrate that mineral fertilizer application caused shifts in the structure of fungi communities in Mollisol soil. Soil physical and chemical properties and fungi diversity and abundance were significantly affected by long-term mineral fertilization, especially in fungi diversity reduction and soil acidification.
